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Description 

[0001] This application relates generally to high 
strength materials and more specifically to fiber rein- 
forced composites. 

[0002] Fiber reinforced composites, or more simply 
composites, are used in many applications where a high 
strength to weight ratio is desired. Composite materials 
are used in aerospace applications because of this 
desirable property. They are also used in a wide \/ariety 
of other structures such as sporting goods. 
[0003] Several methods of making composites are 
known. To make metal matrix composites, fiber is some- 
times placed between metal foil. The fber is woven or 
held together in sheets by a binder. When the structure, 
called a ''preform", is exposed to heat under pressure, 
the metal and fber are consolidated into a composite. 
The exact temperature and pressure used depends 
heavily on the specific alloy used to make the compos- 
ite. The temperature is high enough to soften the metal 
but below its melting point. For example, for titanium, 
temperatures between 1400**F and 2000*'F are used. 
Pressures sufficient to cause the softened metal to flow 
around the fiber are applied. Pressures in the range of 
10,000 psi to 15.000 psi are conventionally used. 
[0004] To make shapes such as rings, more compli* 
caled techniques are used. US-A-4,900.599 describes 
a method of making composites in the shape of a cfisk. 
US-A-4.697,324 descril)es an alternative method and 
shows rings made with non-uniform cross sections: EP- 
A-0490629 describes an improved method of making a 
metal matrix composites, particularly in the shape of a 
ring. 

[0005] It would, however, be desirable to improve the 
method of manufacturing composites in a variety of 
ways. It might be desirable to reduce the cost of manu- 
facturing a composite. It might also be desirable to pro- 
duce more simply a composite with a non-uniform cross 
section. 

[0006] With the foregoing background in mind, it is an 
object of this invention to provide an improved method 
of making connposites. 

[0007] It is also an object to provkie a method of mak- 
ing a composite with a non-uniform cross section. 
[0008] It is also an object to provide a composite pre- 
form having a non-uniform cross section and uniform 
debulking ratio over its cross section. 
[0009] It is a further object to provide improved meth- 
ods of forming a grooved foil for use in manufacturing a 
composite. 

[0010] It is a further object to provide a method of 
making a composite from sheets of metal foil in a way 
which reduces waste. 

[001 1] It is yet another object to provide a method of 
consolidating a plurality of composites simultaneously. 
[001 2] It is another olDjecl to increase the fiber density 
in the finished composite. 

[0013] The foregoing and other objects are 



achieved.by composites made by forming^^ves Jr^a 
plurality of sheete of 

grooves, stackin g up the fo il sheete ard pre 
foiisj^egtsjogether at eleva ted tem peratures. The 

5 ' "grooves ntay be formed by chemical etching, electrical 
discharge machining. emtKDSsing or by cutting with a 
ganged slitting saw. Each foil may be an integral sheet 
or a plurality of pieces cut from one or several differerrt 
foil sheets to minimize waste. Each of the plurality of foil 

10 sheets may have a similar pattem of grooves or a differ- 
ent groove pattern. Where the groove patterns are dif-^ 
ferent. the consolidated comp osite may have fiber freg ;: 
regio ns which can be machined aw ay to prcrff e a rorr^ 
posite with jhe desired shape^ jternativeiy, the groove 

15 ^atterrTrnay be similar, but fiber free regions may fc>e 
created by omitting fiber from certain regions of the 
groove in certain foil sheets. Means may then be 
employed to provide a constant debulking ratio across 
the composite. In one embodiment several p refor ms are 

20 separated by a spa cer and consolidated in a press. 
After consolidation, the spacer is removed. 
[0014] A first aspect of the invention provides a 
method of manufacturing a preform for a composite arti- 
cle of the type having reinforcing fiber disposed in a plu- 

25 rality of sheets of foil of matrix material wherein the 
matrix material has grooves formed therein and the 
reinforcing fiber is disposed in the grooves, characterr 
ised by the steps of : 

30 a) disposing the reinforcing fiber in at least apprtion 
of the grooves in at least a portion of the sheet to * 
leave a portion of the grooves which do not contain 
reinforcing fiber; 

b) disposing material compatible with the foil sheets 
35 near the portion of the grooves which do not contain 

reinforcing fiber: and 

c) stacking the plurality of sheets of foil. 

[0015] A second aspect of the invention provides a 
40 method of manufacturing a preform for a composite arti- 
cle of the type having reinforcing fiber disposed in a plu- 
rality of sheets of foil of matrix material, wherein the 
matrix material has grooves formed therein and the 
reinforcing fiber is disposed m the grooves, character- 
45 ised by the steps of: 

a) forming a plurality of sheets of foil with at least a 
first region having grooves therein and a second 
region with recesses formed therein, the recesses 

50 having a volume less than that of the grooves; and 

b) disposing fiber in the grooves. 

[0016] A third aspect of the invention provides a 
method of manufacturing a preform for a conrposite arti- 
55 de of the type having reinforcing fiber disposed in a plu- 
rality of sheets of foil of matrix material wherein the 
matrix material has grooves formed therein and the 
reinfordng fiber is disposed in the grooves, character- 
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ised by the steps of: 

a) forming a first foil sheet with grooves in both 

sides; 

b) disposing reinforcing fiber in the grooves; and 

c) disposing at least one foil sheet above and at 
least one foil sheet below the first foil sheet. 

[0017] A fourth aspect of the invention provides a 
method of making a preform for a composite comprising 
the steps of: 

a) forming a plurality of pieces of foil; 

b) securing the plurality of pieces together to form a 
first foil sheet; and 

c) laying up the first foil sheets with a plurality of 
other foil sheets. 

[0018] A fifth aspect of the invention provides a 
method of consolidating a plurality of composites com- 
prising the steps of: 

a) placing at least two composite preforms into a 
press with a composites separated by at least one 
spacer sheet; 

b) applying pressure to the composites in the press; 

c) removing the consolidated composites from the 
press; and 

d) separating the composites by removing the foil. 

[001 91 The invention will be better understood by ref- 
. erence to the following detailed description and accom- 
panying drawings in which: 

FIG. 1A and 1B show In cross section composite 

preforms with non-uniform fiber placement; 

FIG. 1C shows a consolidated composite with a 

non-uniform cross section; 

FIG. 2A shows a preform of identical foil sheets 

which are not uniformly filled with fiber; 

FIG, 2B shows the preform of FIG. 2A consolidated 

and cut to the desired shape; 

FIG. 3A and 3B show in cross section and in top 

view, respectively, a preform with a uniform debulk- 

ing ratio; 

FIG. 4 shows in cross section an alternative 
embodiment of a preform with a uniform debulking 
ratio; 

FIG. 5 shows in cross section a foil sheet for use in 
a preform having grooves on both sides; 
FIG. 6A shows in cross section a foil sheet which 
has been chemical milled; 

FIG. 68 shows in cross section a foil sheet grooved 
by electron discharge milling; 
FIG. 6C shows in cross section a preform contain- 
ing fbers with a soft coating; 
FIG. 7A shouvs a foil sheet made from a plurality of 
segments; 



FIG. 78 shows how an integral foil sheet may be cul 
to form a plurality of segments; and 
FIG. 8 shows in cross section a plurality of compos- 
ites consolidated at the same time. 

5 

[0020] FIG. 1 A shows in cross section a composite 
preform. This preform is made by stacking up a plurality 
of foil sheets 102A...102H. Foil sheets 102B...102H 
have grooves 103 (only a portion of which are num- 
10 k)ered for clarity) formed in them. Fbers 104 are placed 
in grooves 103. Silicon carbide fibers are often used in 
composites, but otiier fibers, for example boron or car- 
bon, could also be used. 

[0021] EP-A-0490629 describes that fibers 104 are 
15 held in place by a fugitive binder. Alternatively, grooves 
103 may have sides steep enough to hold fiber 104 in 
place without a binder. 

[0022] FIG. 1 8 shows a similar preform made from foil 
sheets 1 12A..,1 12F with grooves 1 13 and fibers 1 14. By 

20 comparison of FIG. 1 A and FIG. 1 B. it can be observed 
tiiat tile pattern of tiie grooves 102 in the prefomn of 
FIG. IB is different than the pattern of grooves 113 in 
FIG. IB. It will be appreciated tiiat the groove pattern 
can be selected to provide added fibers in regions of the 

25 composite where added reinforcement is required. If it is 
necessary to shape the consolidated composite by 
machining away material, no fiber should be placed in 
regions which will be machined away. Machining away 
portions of a composite with fiber in them would be 

30 undesirable for several reasons. The relatively expen- 
sive fiber in those regions would be wasted. Moreover. , 
the machining tools would wear out quickly. Also, fiber 
ends might be exposed, which can be undesirable. 
[0023] FIG. 1 C shows a consolidated composite 1 20, 

35 made from the preform of FIG. 1 A. Surfaces 124 shoyyy 
where material has been machined away: /| 
[0024] Sometimes, however, it may not be convenient 
to make a plurality of foil sheets each with a different 
groove pattern formed therein. In EP-A-0490629 

40 grooves are formed in foil sheets by photoetching. In 
most instances, photoetching involves first making a 
mask in the pattern of grooves desired. To make foil 
sheets with different groove patterns, different masks 
are required. It is sometimes too expensive or undesira- 

45 We to make numerous different masks. In some pho- 
toetching processes, a photo resistive layer is 
selectively exposed by a computer guided laser rather 
tiiat using a mask. In such a system, the groove pattern 
might be more easily varied. However, use off such sys- 

so tems are nonetheless expensive and still create the 
problem that if each foil sheet is different, the foil sheets 
must be kept separate prior to being laid up into a com- 
posite. 

[0025] FIG. 2A shows how a composite can be made 
55 with a fiber free region 209 from a plurality of identical 
sheets of foil. The preform of FIG. 2A is made from a 
plurality of sheets of foil 202A...202E. Foil sheets. 
202B...202E have formed tiierein a plurality of grooves 
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203. Fibers 204 are inserted into a portion of the 
grooves 203. The ones of the grooves 203 without fibers 
204 are disposed in a fiber free region 209. 
[0026] As shown in FIG. 2B, when the preform of FIG. 
2A is consolidated, it may be machined to line 214 to 
./form a composite with a non-rectangular cross section. 
|As shown in FIG. 2B. the machined conrrposite does not 
[contain voids where line 214 intersects grooves 203. 
![0027] Voids are prevented because grooves 203 in 
Ifiber free region 209 are filled with material which is 
compatible with the matrix material and will be consoli- 
dated into the corrposite. For exanple, certain of the 
grooves 203 are shown filled with metal wire 206. As a 
second example, others of the grooves 203 are shown 
ililled with metal powder 208. Preferably, the material 
used to fill grooves 203 is the same material from which 
foil sheets 202A...202E are formed. However, other 
materials with similar metallurgical properties could be 
used. 

[0028] It is not. however, necessary that fiber free 
'region 209 be machined. It may be desirable in forming 
some parts to leave a fiber free region. If fibrous rein- 
forcement is not required in some portions of a part, it 
niiay be preferable not to use expensive fibers in those 
regions. Fiber free region 209 can also serve as a point 
of attachment to the consolidated composite. For exam- 
ple holes could be drilled through that region to receive 
bolts to bolt the consolidated part to other parts. Alter- 
natively, other parts could be welded or brazed to fiber 
free region 209. 

[0029] In comparing FIG. 2A and FIG. 2B. the com- 
posite of FIG. 28 has a thidoiess which is less than 
^he thickness of the preform of FIG. 2A. This 
decrease in thickness is caused by the feet that, during 
bonsolrdation. spaces 205 (FIG. 2A) are filled by the 
/material of foil sheets 202A...202E. The elimination of 
spaces is called "debulking". The ratio of the volume of 
the preform to the volume of the oonsolidated compos- 
ite is called the "debulking ratio**. 
[0030] Where grooves 203 are uniformly spaced 
across the preform and uniformly filled by fibers 204 of 
identical diameter, the debulking ratio is uniform across 
tfie cross section of the preform. Even when grooves 
203 are not all filled with fibers 204. a uniform debulking 
ratio can be obtained by filling some grooves with some 
material compatible with the matrix, for example, wire or 
powder can be used. Preferably, wire 206 and powder 
208 occupy the same volume as fiber 204. In this way. 
the debulking ratio Is uniform across the preform. 
[0031] If the debulking ratio is not uniform across the 
cross section of the preform, during consolidation 
matrix material will be forced from the regions of less 
d^xjlking to the regions of more debulking. This lateral 
movement of matrix material is undesirable because it 
can move fibers 204 such that a uniform fiber placement 
is not achieved in the consolkiated composite. Further, 
to cause the lateral movement of matrix material, extra 
pressure or a higher temperature must be used in the 



consolidation cycle. Besides making processing more 
expensive or lengthy, these process conditions might 
damage fiber 204. If the debulking ratio is not uniform 
across the preform, voids may also be introduced in the 
5 consolidated composite. Voids are generally undesira- 
ble in composites. 

[0032] FIG. 3A and FIG. 3B show an alternative way 
to achieve a uniform debulking ratio across a composite. 
Layup 310 comprises a foil sheet 302A and 302B. Sheet 

10 302B has grooves 304 with fiber 306 disposed therein. 
Where no fiber reinforcement is needed, no grooves are 
formed. To provide a constant debulking ratio, region 
308 is speckle milled to remove a volume of material 
equal to the difference in volume between grooves 304 

75 and fiber 306. Speckle milled region 308 is formed by 
removing a small amount of foil sheet 302B in a random 
pattern. Of course, the same amount of material could 
be removed in any pattern. Possibly, the material in 
region 308 is removed in the same way as material is 

20 removed to form grooves 304. If photoetching is used, 
however, the material in region 308 arxJ in grooves 304 
is removed in separate etching steps because of the dif- 
ferent depth of the etching. Laser miiling, grinding or 
other technique to remove material in region 308 could 

25 also be used. 

[0033] The technk|ue of FIG. 3A and SB to provide a 
constant debulking ratio still suffers from the shortcom- 
ing that different patterns of grooves must be formed in 
different foil sheets if different fiber placement patterns 

30 . are to be used in different layers of a multi-layer pre- 
form. FIG. 4 shows an alternative way to provkie a uni- 
form debulking ratio. 

[0034] In preform 410 of FIG. 4. a portion of the 
grooves 404 in foil sheet 402B are filled with fiber 406. A 

35 separate foil sheet 408 is disposed above those grooves 
which do not contain fiber 408. The volume of foil sheet 
408 is selected to be as close as possible to the volume 
that fiber 406 would occupy if inserted in the grooves 
below foil sheet 408. Preferably, foil sheet 408 has a vol- 

40 ume within 25% of this volume but more preferably 
within 10%. In this way. matrix material does not need to 
move laterally in the preform during consolkJation to fill 
the grooves without fibers. Moreover, when a plurality of 
foil layers are used to make a preform, the grooves in 

45 each layer may be kientfoal. However, not all layers 
need to have the fiber placed in an dentical pattern. 
Ease of manufacture of the composite is achieved 
because the foil sheets are not differentiated until they 
are being assenrdDled into a preform. 

50 [0035] In some instances, it may be desirable to have 
a composite where the ratio of fiber to matrix material is 
as large as possible. FIG. 5 shows a foil sheet 502 with 
upper grooves 504 and lower grooves 506. Both upper 
and lower grooves 502 and 504 are filled with fiber. 

55 Grooves 504 and 506 may be placed very dose 
together to provkje a high fiber density. 
[0036] Foil sheet 502 with a two sided groove pattern 
as shown may also be used even if a high fiber density 



4 



BNSDOCrD: <EP ^0909826A1 J_> 



7 



EP0 909 826 A1 



8 



is not required. In a preform, two sided foil sheets 502 
may be interleaved with foil sheets without grooves. In 
this way, grooves only need to be formed in one half of 
the foil sheets in the preform. Alternatively, a two sided 
foil sheet may be used which is twice as thick as a single 5 
sided foil sheet. In this way. half the number of foil 
sheets are needed. The manufacturing complexity 
might thus be reduced. 

[0037] Foil sheet 502 need not be formed by chemical 
etching. It might be formed by embossing, roll forming 10 
or other similar stamping operation. It will be appreci- 
ated, however, that if grooves 504 and 506 are formed 
by emtxkssing, they will not have sharp corners as 
shown in FIG. 5. Rather, they will have more rounded 
corners. In such instances, a fugitive binder may be is 
necessary to hold fibers 508 in the grooves in a preform. 
[0038] One advantage of forming grooves 504 and 
506 by a stamping operation is that no material is 
removed to form the grooves. Metal matrix composites 
are often formed from titanium or other metals which are 20 
very expensive to procure as foils. In a typical conrtpos- 
ite, around 40% of the volume is occupied by fiber. To 
make composites by a process which requires material 
to be removed to form grooves, around 40% of the foil is 
wasted. With a stamping operation to form the grooves. 2S 
no such waste occurs. Also thinner foils can be used. 
Foils as thin as 0.003 to 0.004 inches can be used. 
[0039] Turning now to FIG. 6. a method of forming 
grooved foils suitak>le for making composites from fibers 
with soft coatings is shown. FIG. 6A shows a foil 602 30 
with grooves 604 formed therein. Grooves 604 have 
gradually sloping v^lls which are characteristic of 
grooves fomied by chemical etching. There are poterir 
tial drawfc>acks with this approach. First, the grooves 
may not be placed arbitrarily close together. Second, 3S 
the gradually tapered grooves mean that the fiber 606 
does not fit snugly into groove 604. In consolidation, 
heat and pressure must k^e used to force the foil 602 to 
conform to fiber 606. However, too much heat or pres- 
sure may damage the fiber. 4o 
[0040] The problem may be particularly acute if fiber 
606 has a soft coating on it Soft coatings are, for exam- 
ple, particularly useful if the composite is to degrade 
gradually under stress. Coatings such as niobium or 
copper have been used for this purpose. 4S 
[0041] FIB. 6B shows a method of forming grooves 
614 in foil 612 which conform to the shape of the ffoer 
615. Here, an electrical discharge machining (EDM) tool 
618 is formed with projections 620 in the shape of the 
grooves to be formed. In electrical discharge machining, so 
EDM tool 61 8 is charged to a high voltage relative to foil 
612. As EDM tool 618 is dragged across foil 612. the 
electrical discharge from the tool literally blasts away 
portions of foil 61 2 where it gets dose to tool 61 8. In this 
way, precisely shaped grooves can be formed. ss 
[0042] FIG. 60 shows that two sheets of foil 626 and 
624 may be grooved with grooves 628 and 630, each 
equal to or slightiy larger than one half of a fiber 631. 



When foils 626 and 624 are positioned with grooves 628 
and 630 aligned, fiber 631 is surrounded by foil which 
conforms to its shape. Such a preform requires a mini- 
mum pressure and temperature to consolidate. In this 
way. coating 632 is less likely to be damaged during 
consolidation. 

[0043] This technk^ue is particularly useful for making 
conposites which degrade gracefully under stress. For 
example, a coating of copper can be placed on a silicon 
carbide fiber. When placed into a titeinium foil sheet as 
shown in FIG. 6C. the composite may be consolidated 
at a temperature of 1 ,650**F at a pressure of 8 ksi for 6 
hours. These pressures and temperatures are below 
those tiiat would be rx>rmaliy used in consolidating a 
composite. 

[0044] Otiier metiiods of forming grooves as shown in 
FIG. 6C couki be used. For example, a plurality of saw 
blades couki be mounted on a common shaft. Such a 
tool, called a ''ganged saw", could cut a plurality of par- 
allel grooves simultaneously. If the teeth are curved, 
grooves in the shape of groove 614 or 630 could be cut. 
Otherwise, grooves in the rectangular shape of 204, 
304, 404 or 504 coukJ be cut as with a ti-aditional saw. In 
either case, grooves can be cut to conform to the shape 
of the f ber better and closer together than grooves 604 
(FIG. 6A). 

[0045] It is not necessary, though, tiiat grooves 628 
and 630 closely conform to the contour of fiber 631. 
Advantages can be obtained by making prefomns with 
matching grooves as shown in FIG. 6C. For example, 
tiie chemical milling technique depicted in FIG. 6A could 
also be used. If tiie groove in each sheet of foil 624 and 
626 has a depth equal to half the diameter, of a fiber, the 
gradually tapering edges of the grooves will be a|:^roxi- 
mately half as wide. There, the minimum achievable 
spacing between fibers is haff as much. 
[0046] In instances where sheets of foil must be 
aligned when making a preform, it is desirable to include 
a means for indexing the sheets so that the connect posi- 
tional relationship between tiie foil sheets may be main- 
tained. For example, for grooves 632 to align w'rth 
grooves 630. foil 624 must align with foil 626. To provide 
the correct alignment, small holes may be punched 
through foil 624 and 626. Preferably, the holes are near 
the edge of the foils. Most preferably, the hdes overlap 
the edge. When the grooves are formed in the foil, they 
should be made in a predetermined relationshp to the 
holes. Then, when the conrposite is laid up. a pin. such 
as a graphite rod. can be inserted tiirough tiie holes in 
the various foil sheets to ensure there is proper align- 
ment of the sheets. 

[0047] More than one hole may be formed through 
each foil sheet to ensure proper alignment. Proper 
alignment might also be important for forming preforms 
other than those with matching grooves. For example, 
when disks with spiral grooves are made as shown in 
EP-A-0490629. the relative orientation of the foil sheets 
will dictate the relative position of the fibers in various 
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layers. To ensure the desired fiber positions, the same 
technique maybe used. Holes may be punched through 
each foil sheet and grooves formed with a predeter- 
mined relationship to the holes. In laying up the preform, 
a pin may be placed through the holes to ensure desired 
orientation between the layers. Once the preform is con- 
solidated, the holes may be machined off the edges of 
the consolidated composite. 

[0048] Turning now to FIG. 7A, a method of making 
circular composites with less material waste in shown. It 
must be recalled that metal matrix composites are made 
from foils which are very expensive. To cut a circle from 
a rectangular sheet leaves a significant percent of the 
foil as waste. 

[0049] FIG, 7A shows a disk 700 made of a plurality of 
segments 702A...702F. Since disk 700 will be incorpo- 
rated into a composite, the fact that it is made of several 
separate pieces is not a detriment The separate pieces 
will fuse during the consolidation process. All that is 
required is that the separate pieces be held in place 
while grooves are cut in the sheet and the sheets are 
laid up into a preform ard then consolidated. 
[0050] One method of holding the segments 
702A...702F together while a preform is made is shown 
in FIG. 7A. Each of the segments has a plurality of tabs 
such as 704. 706. 708 and 710 attached thereto. The 
tabs of adjacent segments are overlapped. For exam- 
ple, tab 704 of segment 702A overlaps tab 706 of seg- 
ment 702F. The overlapping tabs are then secured such 
as by.^pot welding. After cohisolidation of the compos- 
ite, the tabs may be machined off. This* process 
assurnes the tooling used to hold the preform during 
consolidation is cut to receive the tabs. Alternatively, the 
tat>s could be cut off before the preform is consolidated. 
Before the tabs are cut off. though, fiber should be 
loaded in the grooves and secured with a binder. In this 
way, the segments will be held together after the tabs 
are cut off. 

[0051] Other methods of holding segments together 
could be used. For example, adjacent segments could 
be spot welded along their seams without the addition of 
tabs such as tabs 704. 706. 708 and 710. Electron 
beam welding can be used for this purpose Alterna- 
tively, the separate segments can be placed in a mokJ. 
form, or die which hokis them in place until fber is 
loaded into grooves. 

[0052] As described herein, the sq^arate foil seg- 
ments are secured to each other before grooves are cut 
in the foil. However, grooves ooukJ be formed in the foil 
prior to securing the segments. If the grooves in the 
separate segments can k>e kept adequately aligned, 
there is no need for the separate segments to be 
secured together before cutting the grooves. 
[0053] It is preferable that the separate segments be 
fused at the same time that the fiber and several foil 
sheets are consolidated into a composite. It is. however, 
not necessary. The segments of each foil sheet could 
be fused into a unitary foil sheet before grooves are cut 



into the sheet. 

[0054] FIG. 7B shows an advantage of constructing 
disk 700 from a plurality of segments. The individual 
segments 702A...702F can be cut from a rectangle 

5 sheet 71 2 which is too small from which to cut disk 700. 
[0055] The method of forming foil sheets from a plu- 
rality of segments can be beneficially errpioyed when- 
ever the shape of the foil needed to make a preform 
does not conform to available stock or whenever cutting 

10 a sheet of foil in the desired shape would result in signif- 
icant waste. Large foil sheets or foil sheets with project- 
ing portions can be made in this fashion. 
[0056] FIG. 8 shows an additional technque for reduc* 
ing the cost of manufacturing composites. FIG. 8 shows 

75 a press 800 having two preforms 804 and 806 disposed 
therein. Here, annular preforms with plug 812 in the 
center are shown. As in a conventional press, the pre- 
forms rest on a base 808 and are constrained by a collar 
818. In operation, piston 802 presses against top plate 

20 814 which in turn compresses preforms 804 and 806. 
Since press 800 is operated at elevated temperature, 
base 812, collar 810. plug 812 and top plate 814 are 
made from some material, such as graphite, which does 
not react with preforms 804 and 806 during the pressing 

25 Operation. 

[0057] In FIG. 8. more than one preform is shown tOj 
be consolidated simultaneously. In this way. the number' 
of press cycles is reduced when parts are mass prpi 
duced. To prevent the separate preforms from being: 

30 consolidated into a single composite, the preforms are 
separated by film 816. Rim 816 may be made from a, 
single sheet of graphite which will not become consoli- 
dated into the composite. Alternatively, film 816 may be 
made from two sheets of a material which may stick to 

35 the composites during consolidation but will not stick to 
itself. Molybdenum foil may be used for this purpose, if 
film sheets 816 stick to preforms 804 and 806 during the 
consolidation process, it may t>e removed by soaking 
the consolidated preform in an etching solution which 

40 etches aw^ film 81 6 without degrading the composites. 
Nitric acki of approximately 50% concentratfon can he 
used for this purpose. 

[0058] Having described various emtxxliments of the 
invention, it will be apparent that one of skill in the art 

45 couki develop alternative embodiments without depart- 
ing from the invention. For example, metal matrix com- 
posites were described, but similar technk|ues could be 
used to make ceramic composites. Green state ceramic 
could be used instead of metal foil. Accordingly, the 

50 invention should be limited only to the spirit and scope 
of the appended claims. 

Claims 

55 1 . The method of making a preform for a circular com- 
posite comprising the steps of: 

a) forming a plurality of pieces of foil; 
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b) securing the plurality of pieces together to 
form a first foil sheet; and 

c) laying up the first foil sheets with a plurality of 
other foil sheets. 

5 

2. A method of manufacturing a preform for a compos- 
ite article of the type having reinforcing fiber (204) 
disposed in a plurality of sheets of foil of matrix 
material (202) wherein the matrix material has 
grooves (203) formed therein and the reinforcing io 
fiber is disposed in the grooves, characterised by 
the steps of: 

a) disposing the reinforcing fiber (204) in a por- 
tion of the grooves (203) in at least a portion of is 
the sheet (202) to leave a portion of the 
grooves (203) which do not contain reinforcing 
fiber; 

b) disposing material (206, 208. 408) compati- 
ble with the foil sheets near the portion of the so 
grooves (203) which do not contain reinforcing 
fiber (204); and 

c) stacking the plurality of sheets of foil (202). 

3. The method of claim 2. characterised in that the 2S 
compatible material comprises a metal wire (206). 

4. The method of claim 2. characterised in that the 
.conrpatible material comprises metal powder (208). 

. 5. The method of claim 2, characterised in that the 
compatible material comprises a second foil sheet 
(408) disposed on a foir sheet having grooves 
formed therein. 

35 

6. The method of any one of ciaims.2 to 5. character- 
ised in that the volume of the compatible material 
(206. 208. 408) is within 25% of the volume the 
reinforcing fiber (204) would occupy if placed in the 
grooves (203) which do not contain reinforcing f ft>er 40 
(204). 

7. The method of claim 6, characterised in that the vol- 
ume of the connpatible material is within 1 0% of the 
volume the reinforcing fber (204) would occupy if 45 
placed in the grooves (203) which do not contain 
reinforcing fiber (204). 

8. The method of datm 2. characterised by addition- 
ally comprising the steps of: so 

a) consolidating the preform into a composite; 
and 

b) machining the consolidated composite in the 
region containing compatible material (206. ss 
208, 408). 

9. A disk having tapered edges, formed by the method 



of claim 8. 

1 0. A method of manufacturing a preform for a compos- 
ite article of the type having reinforcing fiber (204) 
disposed in a plurality of sheets of foil of matrix 
material, wherein tiie matrix material has grooves 
(203) formed therein and the reinforcing fiber is dis- 
posed in tiie grooves, characterised by the steps of: 

a) forming a plurality of sheets of foil (302B) 
witii at least a first region having grooves (304) 
therein and a second region (308) with 
recesses formed ttierein. the recesses having 
a volume less than that of the grooves; and 

b) disposing fiber (306) in the grooves. 

11. The method of claim 10, characterised in tiiat the 
step of forming recesses comprises speckle milling 
the second region (308). 

12. The method of daim 10, characterised in that the 
volume of the recesses is within 25% of the differ- 
ence between the volume of the fiber (306) and the 
volume of the grooves (304). 

13. The method of daim 12, wherein the volume of the 
recesses is wrtiiin 10% of the difference between 
the vdume of tiie fiber (306) and the volume of the 
grooves (304). : 

14. Amethbdof manufacturing a preform for a compos- 
ite article of the type having reinfordng fiber (204) 
disposed in a plurality of sheets of foil of matrix 
material wherein the matrix material has grooves 
(203) formed therein and the reinforcing fiber is dis- 
posed in the grooves, cfiaracterised by tiie steps of: 

a) forming a first foil sheet (502) witii grooves 
(504. 506) in both sides; 

b) disposing reinforcing fiber (508. 510) in the 
grooves; and 

c) disposing at least one foil sheet atxTve and at 
least one foil sheet below tiie first foil sheet. 

15. The method of daim 14, characterised in that the 
step of forming a first foil sheet (502) comprises 
stamping grooves into a foil sheet 

16. The method of daim 15. characterised In that the 
step of stanrping comprises embossing. 

17. The metiiod of daim 15. characterised in that the 
step of stamping comprises roll forming. 

ia The method of daim 14. charactQ-ised in that the 
first foil sheet has a thickness of less tiian 0.01 
inches. 
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19. A composite made according to the method of 
claim 14. characterised in that the composite con- 
tains at least 35% fibers. 

5 
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Fig. 6A . 
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Fig. 7A. 
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